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EXECUTIVE SUMMARY

One of the initial stages in ecological risk assessment for hazardous waste sites is the
screening of contaminants to determine which of them are worthy of further consideration as
"contaminants of potential concern." This process is termed "contaminant screening." It is
performed by comparing measured ambient concentrations of chemicals to benchmark
concentrations. Currently, no standard benchmark concentrations exist for assessing contaminants
in soil with respect to their toxicity to plants. This report presents a standard method for deriving
benchmarks for this purpose (phytotoxicity benchmarks), a set of data concerning effects of
chemicals in soil or soil solution on plants, and a set of phytotoxicity benchmarks for 34
chemicals potentially associated with U.S. Department of Energy (DOE) sites. Chemicals that
are found in soil at concentrations exceeding bath the phytotoxicity benchmark and the
background concentration for the soil type should be considered contaminants of potential
concern.
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1. INTRODUCTION

An important step in ecological risk assessment is screening the chemicals occurring on a site
for contaminants of potential concern. Screening may be accomplished by comparing reported
concentrations in media to a set of toxicological benchmarks. If a chemical concentration or the
reported detection limit exceeds the screening benchmark, more analysis is needed to determine
the hazards posed by that chemical (i.e., it is a contaminant of potential concern). If, however,
the chemical concentration or its detection limit falls below the proposed benchmark, the chemical
may be ignored during further study unless public concern or ancillary evidence suggest that it
should be retained.

The purpose of this report is to present plant toxicity data and discuss their utility as
benchmarks for determining the hazard to terrestrial plants caused by contaminants in soil.
Benchmarks are provided for soils and solutions.

Tests of the toxicity of chemicals in the ri oting; medium of plants are conducted using a
variety of rooting media. We have divided them into three categories: soil, solution, and other.
Tests conducted in natural soils (even when brought into the laboratory, dried, sieved, fertilized,
etc.) are assumed to be representative of the exposure of plants to contaminants measured in field
soils. Tests conducted in nutrient solutions are assumed to be representative of exposures of
plants to contaminants measured in soil solutions (e.g., from lysimeter samples or possibly from
aqueous extracts of soil) or in very shallow groundwater (e.g., plants in the vicinity of seeps and
springs). The other category includes media that are neither soils nor solutions, such as silica
sand and vermiculite. Data from such studies are not clearly related to any contaminant
measurements in ambient media. However, they are included in the review for purposes of
comparison.

Soil benchmarks are based on data provided only by toxicity studies in either the field or pots.
The reported toxic concentrations are not all equivalent to concentrations reported from field
sites. Most of the soil concentrations of metals reported from waste sites are from extractions
with hydrochloric acid (HCl) or other mineral acids which are intended to provide total
concentrations. Similarly, concentrations of organic contaminants in waste site soils are total
concentrations derived from rigorous solvent extractions. In some cases, toxicity tests report
concentrations extracted from contaminated soils, but various extractants are used that may not
yield total concentrations. More commonly, the concentrations reported are nominal
concentrations of a soluble form (i.e., a highly bioavailable form) of the chemical added to soil.

Solution benchmarks include data from toxicity tests conducted using whole plants rooted in
aqueous nutrient solutions. Tests are commonly conducted in this manner because plants are
assumed to be exposed to contaminants in the solution phase of soil and the presence of soil in
test systems reduces the experimenter's degree of control over exposure. Groundwater samples
from waste sites are typically acidified before analysis to obtain total concentrations, but some
samples are filtered before acidification.

In general, the concentrations in prefiltered samples are likely to be more comparable to the
concentrations reported from solution toxicity tests and should be used if available.



These benchmarks are to serve for contaminant screening only. Plant toxicity may be affected
by many variables: pH, Eh, cation exchange capacity, moisture content, interactions with other
elements, and organic matter and clay content of the soil. In addition, different species react to
different contaminants with varying degrees of toxicity, and the sensitivity of plants may be
affected by its physiological condition. No systematic tests that thoroughly examine the effects
of these variables on plant toxicity are known to these authors. An assessor must realize that
these soil characteristics play a large part in plant toxicity and incorporate these site-specific
considerations in the evaluation of the potential hazards of a chemical. If chemical concentrations
reported in field soils that support vigorous and diverse plant communities exceed one or more
of the benchmarks presented in this report or if a benchmark exceeds background soil
concentrations, it is generally safe to assume that the benchmark is a poor measure of risk at that
site.

2. METHODS

2.1 DATA

References on the toxicity of selected chemicals to terrestrial plants were obtained from
searches of bibliographic data bases (BIOSIS, POL TOX I), a numeric data base (PHYTOTOX),
review articles, and conventional literature searching. The target was reports of toxicity tests of
individual chemicals in laboratory, greenhouse, or field settings.

Data presented in this report were derived mainly from primary sources. Secondary sources
were used if the primary source cited in the secondary source was unavailable, if only a little data
for a particular chemical were available, and if secondary sources suggested that a benchmark
derived from limited primary source material was too high. The general criteria for inclusion of
a study in the data set used to derive phytotoxicity benchmarks were:

1. Methodology was clearly stated (especially concenr.rations of applied chemicals) and followed
in the experiment.

2. Results were quantified as measures of plant growth or yield (e.g., weight, height). Measures
of metabolic activity or tissue chemical concentration were used if measures of growth or
yield were not available for a particular chemical of interest.

3. Results were presented in numeric form or graphical presentations of data were clearly
interpretable.

An unambiguous reduction existed in the measured parameter within the range of applied
concentrations of the chemical of interest.

The data selected using these criteria were assigned to the following categories for analysis:

1. Chemical-The effects of individual chemicals of interest were analyzed. In the case of



metals, the metal itself is listed in the "Chemical" field, with the salt listed in the "Form"
field. For organics, the specific compound is listed in the "Chemical" field, except in the
case of polychlorinated biphenyl (PCB) for which the specific Aroclor mixture is listed in the
"Form" field.

2. Growth Medium-Methodologies were divided into three general groupings of growth media:

Solution: this category includes experiments in which the roots of plants were
submerged in solutions of variable composition containing the chemical of interest. In
most studies, plant growth nutrients were added. Solution pH was noted when given.

Soil: this category includes soils derived from field soil profiles, regardless of
subsequent preparation and experimental location. Soil pH and organic matter content
were noted when given. Percentage organic carbon was converted to the more
frequently cited measure of percentage organic matter, by the equation (Nelson and
Sommers, 1982):

%organic carbon x 2. = %organic matter

c. Other: this group is made up of alternative growth media such as pure quartz or silica
sand, vermiculite, and peat moss. Medium pH was noted when given.

3. Plant Species-The analysis was limited to terrestrial vascular plants, mainly domestic
cultivars. Plant growth stages were seed germination and early growth, seedling, or seedling
to maturity (e.g., grains and vegetables).

4. Exposure duration-The durations of exposure of the test plants to chemicals of interest
ranged from 2 to 279 days, with trees generally being exposed longer than plants with shorter
life spans.

5. NOEC-The no observed effect concentration (NOEC) is defined here as the highest applied
concentration of the chemical of interest which gave a reduction of 20% or less in a measured
response.

6. LOEC-The lowest observed effect concentration (LOEC) is defined here as the lowest
applied concentration of the chemical of interest which gave a greater than 20% reduction in
a measured response. In some cases, the LOEC for the test was the lowest concentration
tested (LCT) or the only concentration tested, as of when the EC50 was reported.

7. Response parameter-The majority of the responses were oven-dry weights of whole plants
or their parts. Others included root length, plant height, relative growth rate, grain yield,
seeds per plant, percent seed germination, and fresh and air-dry weights. Responses other
than these growth and yield parameters were included only if growth or yield parameters were
unavailable for a chemical. Transpiration rate, CO2 uptake, and chlorophyll content of
needles were recorded for methyl mercury; chlorophyll content of needles for mercury also
was recorded.
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2.2 SELECTION OF TYPES AND LEVELS OF EFFECTS

Growth and yield parameters were used for two reasons. First, they are the most common
class of response parameters reported from phytotoxiicity studies thereby using those parameters
allowed for derivation of reasonably consistent benchmarks for a large number of contaminants.
Second, growth and yield are ecologically significant responses both in terms of the plant
populations and the ability of the biota to support higher trophic levels.

Twenty percent reduction in growth or yield was used as the threshold for significant effects
to be consistent with other screening benchmarks for ecological risk assessment and with current
regulatory practice (Suter et al., 1992). In brief, most regulatory criteria are based on
concentrations that cause effects that are statistically significantly different from controls, which

on average correspond to greater than 20% effects. In addition, regulatory actions may be based
on comparisons of biological parameters measured on contaminated sites to those from reference

sites. Differences between sites generally must be greater than 20% to be reliably detected in
such studies. Therefore, the 20% effects level is treated as a conservative approximation of the
threshold for regulatory concern.

2.3 DERIVATION OF BENCHMARKS

Because of the diversity of soils, plant species, chemical forms, and test procedures, it is not
possible to estimate concentrations that would constitute a threshold for toxic effects on the plant
communities at particular sites from published toxicity data. This situation is analogous to the
problem of deriving benchmarks for sediments. In this report, the method used for deriving soil
benchmarks is based on the National Oceanographic and Atmospheric Administration's method
for deriving the Effects Range Low (ER-L) (Long and Morgan, 1990) which has been
recommended as a sediment screening benchmark by U.S. Environmental Protection Agency
(EPA) Region IV. The ER-L is the tenth percentile of the distribution of various toxic effects
thresholds for various organisms in sediments.

This approach can be justified by assuming that the toxicity of a chemical in soil is a random
variate, that the toxicity of contaminated soil at a particular site is drawn from the same
distribution, and that the assessor should be 90% certain of protecting plants growing in the site
soil. Any bias in the data set would mitigate against that assumption. In this implementation of
the approach, the bias most likely to be significant is the use of soluble salts of metals in the
toxicity tests which are likely to be more toxic than the mixture of forms encountered in field
soils. That bias would result in conservative benchmark values. Other possible sources of bias
include the use of predominately domestic plant species that may not be representative of plant
species in general, use of predominately agricultural soils which may not be representative of
soils in general, and the laboratory test conditions which may not be representative of field
conditions. The direction and magnitude of these potential biases is unknown.

The phytotoxicity benchmarks were derived by rank ordering the LOEC values and then
picking a number that approximated the tenth percentile. As with the ER-Ls, statistical fitting
was not used because there was seldom sufficient data and because these benchmarks are to be
used as screening values and do not require the consistency and precision of regulatory criteria.



If there were 10 or fewer values for a chemical, the lowest LOEC was used. If there were more
than 10 values, the tenth percentile LOEC value was used. If the tenth percentile fell between
LOEC values, a value was chosen by interpolation. In all cases, benchmark values were rounded
to one significant figure.

Another possible source of benchmark values is values recommended in published reviews
of the phytotoxicity literature. When primary literature is unavailable for a particular
contaminant, concentrations identified in reviews as thresholds for phytotoxicity are used as
benchmarks. In addition, when fewer than three LOEC values were found for a chemical in soil
or solution, and a toxicity threshold from a review is lower than the lowest LOEC, the toxicity
threshold is used as the benchmark for that chemical.

Any scheme for deriving a set of standard ecotoxicological benchmarks is based on
assumptions that may be questioned by readers. The procedure used here is one that is consistent
with current regulatory practice and contains a minimum of assumptions or factors. Those who
care to make other assumptions or to add safety factors may make use of the data presented here
to calculate their own benchmarks.

3. RESULTS

Results of the literature review are summarized in Table 1. Proposed screening benchmarks
for phytotoxic effects of contaminants in soils and solutions are presented in Table 2.

4. RECOMA4ENDATIONS AND CONCLUSIONS

The values presented in Table 2 are intended for contaminant screening in the hazard
identification (problem formulation) phase of ecologiical risk assessments. Chemicals with soil
concentrations that exceed both the phytotoxicity benchmark for soil and the background soil
concentration for the soil type, and which may be derived from waste disposal, are contaminants
of potential concern. Background soil concentrations have been derived for the Oak Ridge
Reservation and should be generated for other Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) sites as well. Similarly, soil solution or shallow
groundwater concentrations that exceed both the phytotoxicity benchmark for solutions and the
background water concentration for the aquifer, which may be derived from waste disposal, and
to which plant roots may be exposed are contaminants of potential concern.

For baseline ecological risk assessments, and other assessments that may lead to regulatory
actions, assessors should consult the primary sources of toxicity data and then determine the
applicability of the data to their specific site. In addition, assessments should not blindly rely on
laboratory toxicity data. Where phytotoxicity is suspected, phytotoxicity tests should be
performed with the contaminated soil In addition, the site should be surveyed for signs of
phytotoxicity such as inexplicable bare areas, low plant diversity, low plant vigor, or symptoms
of toxic injury.
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Table 1. Phytotoxicity data used in the derivation of soil benchmarks (NOEC and LOEC concentrations are mg/kg of the element.
Duration is measured in days.)

CHEMICAL GROWTII MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pll REFERENCE

Aluminum Soil AIC13 Barley 24 6 12 Dry wgl, rod/shan 4 Mazleod and lackson. 1962.

Aluminum Soil AIC13 Barley 24 6 12 Dry wgl. plam 6 Macleud am lackson. 1962.

Aluminum Suil AIC13 parley 24 6 12 Dry wgl. rowlshoor 4 Macleod am lacksoo. 1961.

Alumimrm Snlurinn AI2(S04)3 Asparagm 005 0. U Dry wgl. rooJehoot 4.7 Wlneler ard Fnllet 1991.

Aluminum Snlurlon AI2(SO4)3 Rice 13 0.27 27 Dry wgr. rmrlshmr Wallace am Romrcv 19"Il

Aluminum Soluriun AICI3+AI(N03)3 Sprutt 21 5.4 8.1 Rel. gwrh. rzre rmr 3 8 Goramson and Eldhuser. 1991.

Aluminum Solurion AI2(SO43 Suybran 13 0.27 27 Dry wgl, rodlsMwr Wallace am Romney. 19T1.

Aluminum Soluuan A12150d)3 L<rnce 56 09 I 8 Alydry wgr_ plam 41 McLexn and GitAen 1927

Aluminum Soimbn AI21SOdl3 Lenwn 6(1 4.9 8.3 IRah wgr. «nr Iengrh 4 in am Myhre 1991

Aluminum Sdution AlryS0,12 Turnip T1 16 72 Aly dry wgt. shoot 4 J MeLean aM Gllhen 1927.

Aluminum Solurion AI21504)3 Ry< 70 3.5 1 CT Air dry wgr. rma 4.5 htc(-ean am Gilhers I927

Aluminum Solorion Ai2(SOOj3 ienuce Su IN ]) Air dry wpr. planr 4.3 Mclvn am GiIMn 197

Aluminum Solution A12(S(ld)3 Orxnge (p 4g 91 Flevh wgr, nnt iuiprh 4 I.rn ard Myhre- I99I

Aluminum Sulmion AI2(SOQ3 Bea 77 1.8 r.Cl Air dry wgt. plant 4.3 McLean am GRben 19d1.

Alumlvum Solution AI2(SO4p Barley 11 18 LCT Air dry wgl, roor/shaw 4.3 McLean and Gilbert 1927

Alnminum Solutiun AICI3+AI(N03)3 Plrc 21 161.9 269.8 RcL gwrh rate shmi 18 Gmamson am Eldhu.cr 1991.

Aluminum Sulurion AI2(SO4)3 Radish TI I.8 36 Air dry wgi. rndlshmr 43 Mc4an am Gilberr. 1927

Aluminum Solution AIC13 Barley 4 6 Dry wgroor/shoor 4.J Macleod and Izcgsoa 1919

Aluminum Solurion A12(SO413 Rye 18 1 CI' Airdry wgrrom d3 McLean and Gilbere 1921

Aluminum Snlurinn AIC13 Douglae fr 279 16 32 Dry wgroa/Igth 3.5 Ktlrjem1990.

Aluminum Salrion AI2(5(M)3 Leuuce

K

0.54 108 Aly dry wgr. hmr 43 McLezn ard Gilben. 192/.

Aluminum Saluriun A1215O4)3 Beel 1.8 L(T Airdry wgrinr 43 Mcl^zn and Gilbcn. 1921

Aluminum Solution Ai2(SOOp Ciumelo 49 Fresh wgrlam 4 Lin arN Myhre1991

Aluminum Solutin A12(S04)3 Carra Air dry wgr. planr

.Vumrnum Sulunon AI2(SO41"s Carros 3.6 LCT Air dry wgr, planr 4.3 McLean am Gllben. 1921.
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Table 1. ( continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LDEC NOTES GROWiH PARAMETER pH REFERENCE

Aluminum Solmbn A12(SO4)3 Dnuglas Or 2]9 4 8 Dry wgr.rod 75 Kelyem. 1990.

Aluminum SWmion Ap(SO413 Oat 63 3.6 7.2 An dry wgt. 4.3 McLean and Gilben 1921.

Aluminum Sdurion AI2(SO43 Squash 26 0.13 0.21 Dry wgr. rrxa d] Whecler arN Fdla. 1991.

Aluminum Solalion AI2(SO4)3 Ben I26 1.9 LCT Air dry wgr planl 0 MeLnn and Gilben. 1921.

Aluminum Suturpn KAI(S04)2 Rye grass 14 063 LCT LgrM1 longeer most 7 Wong am Bndvhaw. 1982.

Aluminum Suluuon AI2(SOCU Civange (A 0.11 2"I Runt Icngth 4 Lin and Myhre 1991.

Aluminum Sduriun AR(SOp3 Carra 126 3.6 LCi Aly dry wgr. planr d J McLean and GilberC 1927 .

Aluminum Solution AI2(SOC)3 Orange 60 8.3 244 Fresh wgr, rod IenRrh 4 Lin and Myhre. 1991.

Aluminum Snlullon AI.2fCOqI Cabhape 98 7.2 LCT All drr wpr plam 4 1 Mcl<zn eM Oil!rn 19I!

Aluminum Solution A12(SO03 Barley ]0 8 10 Dry wgr.ro'4lshnM 4.] Maclend and fack^on 19fi7

Aluminum Soluran A12(S(N3 Orion 31 0.05 LCI' Dry wgr. nxxrsM1ood 47 Wheeler and Follcr_ 1991.

Anrinnny Smface soil 5 Phyaum.ic Klnke. 1909_

Arsenic Black ala y As203 Snvhean 42 22 e I ..^' Dq ag:. ehao: Dcuei aM Swutwe. 9]]

Arsenk: Black clay As203 Carmn 42 612 99.6 Dry wgr.sMV Deuel and Swoboda. 19T1.

Araenic Fine aznJy loam Aa203 CMlon 42 11.2 LCT Dry wRS- sM1Ux D:uel and SwnAMa IPR

Araenic Fine sarafy loam As203 Soybean 42 11.2 ICf Dry wgc shoot Dcuel and Swnboda I4R

Anenlc Soluriun 0.02 LCT Phyiorovc Scharrea 1955.

Rarium Lrem Ba(N0312 Bzrlcy 14 500 ICf Dry wgt plam Chaudhry, d al I4T1.

Barium Losm Ba(N03)2 Bush heam 14 I(X) 2000 Dry wgr plant ChaudAry, n al_ 14P

Barium Solmion 501 LCr Phpmoslc Chapman 1966.

Beryllium Solution BcC12 Barley 20 2 LCf Dry wgt. plant 5.3 Rooney am Chitdros. 1965.

Beryllium Solution BeCl2 Alfalfa 54 2 4 Dry wgr. plzm 53 Hmmney am Childrees 1965

Beryllium Solution Bean 48 05 LCT Dry wgt. plant 5.3 Romney. el al. 1962.

Berylllum Solution BeCl2 Pea 24 2 LCT Dry wgr. plam 5 3 Romrcy and Chlldress. 1965.

Berylllum Solutiun BeCl2 Lenuce 28 2 LCf Dry was, plant 5.3 Rumney am CMldrev. 1965
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC [DEC NOTES GROWTII PARAMETER yH REFERENCE

Beryllium Surfaze soil
10 Physoroxic Klokc. 1919.

Bismush Solurion
27 Phymroxlc Scharrcr. 1955.

Bvun Muck H3B03 Corn 28 10 50 Dry wgl. shom 4.5 1Mn, it al. 19T1.

Boron Silt Imm H3803 Cmn 28 to 50 Dry wgr, shms 5.7 John. er al. 19T1.

Boron Silt I®m H3BO3 Corn 28 05 LCT Dry wgr, shea 57 lohn el al 19T/.

Boron Solurlun
I LCT Phyromxic Bowen. 19)9.

Boron Solution H3B03 Bush beam 16 I.OB 5.4 Dry wgl. rooNCaves Wallace, es al. 19TID.

Bromine Solution 15 LCr Phyrauxio Chzpman 1966.

Bromine Surface soll
10 1'hWoroxic Klnk< 19]9

Cadmium ABuvial soil CdO Rlce 105 30 IU) Dry wgr. rna/s¢m 5.95 Murarrwo cr al 19911.

Cadmiam Alluvial soii 7d0 Whezr 161 10 JO Yleld graln 5.95 Muramdo, cr al. I990.

Cadmium Brown earth anil CJCI2+CdMlI) 42 50 LCf Dry wgr. rnm 4 6 Khan and Frankland 19Rd

Cadmium Brrnvn eanh soil CdCI2 d d] fT Dp 5 S Khen M iranklaM19flJ

Gdmium Brown anh suR CdCl2 42 10 1 CT Dry wgs rrn 5.d Khan and FranklaM198a

Cadmrum Brown earrL aoil CdO d2 1(IB LCT Dry wgrmor d6 Khan arN Prankland19Pd

Cadmium Brown carrh soil CdO 2 100 LCi Ury 8r 5A Khan ard I'nnklard. 1983.

Cadmlum Bruwn earrh soll CdCl2 2 50 LCT Dry wgr. rnd d.6 Khan and Fnnklam_ 19xd

Cadmium Ilumic and CdCl2

fi

Id 1)I FC50% Fresh grheror 5.1 Adema and Ilcrven 1989

Cadmium Ilumic sznd CdCl2 IC U6 F.C50% Fresh wqr hmr 5.I Adema and ilaven. 1989.

CaAmium Ilumic ard CAC12 1d EC50% Freeh wprshnn 5.1 Ademz and Heven. 1989.

Cadmium Loam CdC12 1d 159 EC50% Dry wgrcavcs "L5 Adema xvd Henaen. 1989.

Cadmium Loam CdCl2 Id 16 EC50% Freeh wgrshml Y 5 Adema and Heneen. 1989.

Cadmium Lcam CdC12 d 33 FC50% Fresh wgr. shcol "L5 Adcma and Hanzcn. 1989.

Cadmium Loamy sand Corn 31 2.5 LCT Dry wgr shm 6 Mil l er. er al. 19t1.

Cadmium Loamy sand CdCl2 Corn 5 15 25 Rrcx lengrh 6 5 Ilassert. m al. 1916.
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

Comium L®my am Spimch 70 2 4 Dry wgl. plam 83 Sadana am Singh. 190n.

Cadmium Luamy sand Whezr 10 LCT Yield grain 8.4 Sadam and Singh. 1981a.

Cadmium Sasd CdC12 Bluesrem 84 10 LCf Dry wgl.rodlshod 7 .8 Milu am parkcr. 1929.

Cadmium Saod CdC12 Corn 35 28 LCi Dry wgl, planm 5 Trxyrur and Kncr<k. 19q

Cadmium Sand culture CdC12 Red aldcr T/ 0031 0062 Dry wgL rax/slem Wickliff and Evam. 19B].

Cadmium Sandy laam CdC12 Red snk 112 20 NI Dry will, plant 6 Dixon. 19g5.

Cadmium Sandy+clay Imms CdCl2 Whear 45 10 20 YicldgraiNenaw 84 Smith, elal. 1991.

Cadmium Sillca eand CdCl2 Red alder "q 0.061 LCT Dry wgl. slem/leaves Wickliff, at al. 19811.

Cadmium Silica am CdClt Sllvcr Maple 56 5 LCT Dry wgi_ rmi/Inlhiem lamrweaiv erd Chanay 11

Cadmium Silly ciay Imm CdC12 Leuuu 37 2.5 LCT Dry wgl. planl 61 Iixghiri. 1913

Cadmium SIOy clay Iwm CdCl2 Soybean 35 5 Ifl Dry wgl shoa 6.7 IlagAiri. 1973.

Cadmium Silty clay loam CdCI2 Syvmore 90 5 LQ l.caf hlomav Cerlsnn and Baaaaa. I97?

Czdmium Silly day Ircem. CdCl2 RzAish 26 '

__

Dry wgr u ' llagmrr 1973.

Cadmium Sllly clzy ham CdCJi Whca 35 25 5 Dry wgl. sl..w 67 Haghiri. 193

Cadmium Soil CdCl2 Soyhean 5 10 Seeds per plani Aery and Sakn 1991

Cadmium Soil + am (1 J) CdC12 Spruce I00 1 2 Dry wgr.raa/shmu 33 Burron, el al 1984.

Cadmium Solullon CdCl2 Swles chzrd 35 0.1 I Dry wgc eM>» 61 Turner 19t3.

Cadmium Solmion CdSOd Tomalu 21 I LCr Ury wgl. planl Page, e1a1.19R

Cadmlum SMunnn CdSO4 Chrysamhcmum 21 0.112 LCT Dry wgl.rmVSlun Pa21.c1aL 1976

Cadmium Snlminn CdCl2 Rye 10 50 100 Dry wg1..vM.e 59 Calson am Rolfe. IW9.

Cadmlum Solminn CdSO4 Bean 21 01 LCT Dry wgr plant Page. cl xL 197 .

Cadmium Solution CdS04 Bean 15 n06 6.1 Dry wgl. rmUleaves 5 Wallace 1929.

Cadmium Solusion CdCl2 Tomaro 14 3 EC50% Fresh wgl_shom Adcmz and Hemen 1989.

Cadmium Solwiml CdSOd Pappcr 21 1 LCT Dry wgl. plam Page, elal. Iffi2.

Cadmium Solmion CdSO4 Turnip 21 0.1 LCT Dry wgl. plam Pag<.clal. 19'R.
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

Cadmium Solution CdSO4 Barley 21 I LCT Dry wgt. plant Poge, in al. 19'l2.

Cadmium Solutinn CdSO4 Lettuce 21 1 LCT Dry wgt, plant pagc, et zl. 1972 .

Cadmium Solution CdSOd Corn 10 0.112 LCT Fresh wp plant Stibnrova, in zl. 1986

Cadmium Solution CdC12 Oat 14 6 EC50% Frceh wgt. shod Adema and Henun. 1989.

Cadmium Solution CdC12 L<uuoe 14 0.8J EC50% Presh wgt, shoot Ademz and Ilemen. 1989

Cadmium Sulution CdC12 Bcetroot 35 0.1 I Ury wgt. sAca 6.3 Turrer. 1973 .

Cadmium Solmion CECR Carra 35 0.01 LCT Dry wgt. slxnt 63 Turner. 19D.

Cadmium Solution CdSO4 Cabbage 21 I 2.5 Dry wgt. plant Pzgc, ctal 19"!2.

Cadmium Solution CdSO4 Cnrn 21 0 25 (15 f)ry ugl. Plam page, el at 19II.

Cadmium Solution CdSOC Rye grav Id I 25 LCf Lglh longcet mn/alurot 7 Woog vd Bradshaw. 1982.

Cadmium Solutinn Cd(NO3)2 Soybcam 21 0.03 1 CT Dry wgt. rmVlcavcz 62 Cunnin¢ham 1977

Cadmium Solution CdSO< Be,, 21 0 I LCT Dry vyl_ plam Pa¢e. a at 1972

Cedmlum Solution CdCl2 Tomaro li t) 01 0 1 Dry wgt. staot 63 Turner_ 1973

Chromium Humic sand K2Cr209 Tomato 14 21 FC50% Fresh wgt. shaa 51 Adcma a.l Ilcnan 1989

Chromium Humic and K2Cr2O1 (ht 14 31 [C50% Fceh wgt. chmt 5.1 Adema and Ileven 1989.

Chmmium Ilumk saoE K2Cr2O1 Lettuce 14 > 11 E,750% Fresh wgt. your 5.1 Adema and Hemen. 199.

Chromium Lmm K2Cr207 Soybexn 3 10 30 Presh wgt sMnt Turrcr and Ruzt 197I.

Chromium Lmm K2Cr2O7 Tomato 14 6.9 EC50% Fresh wpt. shom 25 Adcma and Hemen. 1989.

Chromium Lmm K2Cr2O7 Ozt 14 74 ['.C511% F'mzh wgt shuw 75 Adcma and Heneen 1989.

Chromium Lmm K2Cr2O2 I<nuce 14 L8 EC50% Fresh wgt. shoot 7.5 Adcma and Henun 1989.

Chromium Solution CrC13+K2CrO4 Cabbage 55 2 10 Dry wgt. plant 5 Ipra.etal 1916.

Chromium Solution K2Cr207 Soylean 5 0 5 1 Dry wgl. zban Turner and Rmt. 1911.

Chromium Solution CrSO4 Chrysanthemum 21 Offi LCT Dry wgt. s¢m/Ieava PataL et zl. 1926.

Chromium Snlutlon K2Cr2O7 Leuuce I< 0.16 EC50% Fresh wgt.sMd Adcou and Henaen. 1989.

Chromium Solution Cr215OM1p Ryn grass 2.5 10 50 % sccd gemiretion Brecze 19A
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

Chromium Solmbn K2Cr207 Oat 14 IA EC50% Fresh wgl.shud Adema vd Henrcn. 1989.

Chromium Sdusion Cr2K202 Rye grass 2.5 10 50 % sceA germinaaion Breere. 1913.

Chrmnium Soluabn K2Cr201 Rye grass 14 2.5 L(T L81h, IonReel rom ) Wmig nd Rradshaw. 1982.

Chromium Sdmpn K2Cr202 Rush bam 11 OS/ I,CB Dry wgt, leaf Wallace. el at. 19T/a.

Chromium Solutpn K2Cr2O7 Tomzto 14 0.29 EC50% Fresh wgl.shaor Adema ard Heau<a 1989.

Cnbah Sdmbn eS04 Dush Mam 21 0.06 LCr Dry wgl. leaves Wallace, n e1. 19na.

Cabah Snrface .if 25 Phyaaosic Liman. 1918.

Cabah Sdutlnn CuSO4 Chryeamhemum 21 (T059 LCT Dry wgl, rnd Patel, ea al. 19/6.

Capper Lmm CuSO4 Rmh heam 11 Iq) IW Dry wgt. leaves Wallace. el zl. 199Th

Capper Sand CuSO4 9luesiem 84 I(p LCT Dry wgl. ruaisM.4 1.8 Milrs and Parker. 19)9.

Capper Sand C5YJ4 9luesmm R4 IIXI LCT Dry wgl. rem/sM.x a8 Mdes arA Paoker. 1979

Coper Soil Clnver 120 IfT Ghpnloaic INrxak etal IP/8

CoppeF Soiuaion CuSW Rice 4 2 11 2 Rwx u aN Mukherp

{qKr Solnlion CuSO4 Tulacco 21

)

Dry wgr. rod/zhon Snmkmeyeq eial 1969

Capper Solutlnn CuSOV Rye Rraas 14

E

LCT I.gIM1. longeel rax 7 Wnng aod Rradahaw 1982

Copper ]oluuon Cb5(N C^'an 10 1 CT Fresh wgl. plam StiMnova. elzl 19N6.

C^per Surfeu snil Pbymroxic Kuwlskly- 1914

Copper Soluaion CuSO4 ChryeemM1emum 21 LCT Dry wgL mol Parei a al 1916

Diniuuphenul, 2.4 Clay Fcmue 21 20 40 Fresh wgl. sMni 4 75 O+crcash. el al 1982.

DinittaphernL 2.4 Clay Corn 21 20 40 Resh wgl. sM1mr 4.75 tr.ercash. a el 1981.

Dinitrqaherol, 2,4 Clay Soybean 21 20 I Cf Frceh R. ehool 4]5 Overcmh, el al. 1982

Dinitrayhend, 2,4 Sesdy I®m Saybean 20 40 % seai germilulion 4 Overcash, elal 1982

Dinivapherol, 2,4 Sandy loam Fescue 21 60 80 Fresh wgl. shml 6 Overcash. n at. 1982.

DiniuWhemL 2,4 Sardy loam Can !q 80 % seed garminalon 4 Overcash. el al. 1982.

Diniuophnul, 2 4 Sasdy 1®m Fescue 21 20 d0 Fresh wgl. shnm 4 Orcrcuh, a at. 1982.
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pll REFERENCE

Dinivopherol, 2,4 Sandy Iwm Corn 21 20 d0 Fresh wgl. shmt 6 (hercuh, e, al. 1982.

Dinivoplhcrol, 2,4 Sandy I®m Soybcans 21 20 d0 Fresh wgl shoM 4 Orerraah, el al. 1982.

DinilrophenoL 2,4 Sandy Imm Corn 21 20 LCi Fresh wgs. shm 4 Ovxrcash, et al. 1982.

Dinivophend, 2,4 Sandy loam Soybeam 21 20 LCT Freeh wg,.shnod 6 Ovcrcash. at al. 1982.

Di-nburyl plnhalme Clay Facue 21 2p] 2000 Freeh wgt. shom 4.75 Overeuh, et al. 1982.

Di-nbmyl phlhalate Clay Corn 21 Np 1 CT Fresh wgt. shooi 4]5 Overw h, Cr al. 1982.

Di-nburyl phthalam Sandy loam Corn 21 200 LCT Frah wg^. shorn 5 75 Overcash, a al. 1982.

Di-n-butyl phthalam Sandy Imm Fescue 21 200 2000 Fresh wg^.shml 5.75 Orercssh, u xl.1982.

Di-n-buryl pMhalam Sandy Imm Soylean 21 20n 11T Frc.h wgi. sM1mi 5]5 (NCrcash, a zl 1982.

Di-n-butyl phthalam Sandy loam Soybean 21p LCT % secd Rerminavon 4 Overcash, n at. 1982.

Di-nburyl phlhalale Szndy 1®m Gxn 2I 2f10 ICT Fresh wgt rmCshm, d Overcash, tl al. i982.

Fluoriie Surizce soil 200 PhyiNoaic Klake. I919.

Fluvhe Solution 9 ICT Phypqoz!c Saharrc 1955.

IaJi^e Loam KI Tomalo 95 0 45 45 Ihy wg,. ihm 675 Newton arN TMh. 1952.

Indirc SaM KI Tomao 95 045 45 Dry wgt shoud 675 Newton and Toih. 1952.

Ialiie S8s luam KI Tomata 95 0.45 4.5 Dry. w81, shad 6.)5 Newron and Tah. 1952.

ludire Sill loam KI Tomaso 95 0.45 4.5 Dry wg^. ehrd 675 Ncwwn and Tmh. 1952.

ladim SWooon KI Tomato fi0 05 5 Dry wg^. sMq Newmn and Tash. 1952.

Iodine Solmion KI Corn (q or 0.5 Dry wRt_shoa 5.8 Lewis and Powere 1941

iron Solmion FeSO4 Bueh beans 15 11.6 29 Dry wgt. rmoleafisiem Wallace, a al. 19TTO.

Iron Solmion FeSOd Cabhage 55 10 50 Dry
wg,.

planl 5 Hzra, aszl. 1976.

Iron Solmion 10 LCT Physotoaic Chayman. 1966.

Lrad Brown rarrh snil PbC12 Whcar 42 500 1000 Dry wgt. ronl 4 6 Khan and FranklaM 1984.

Lezd Brown eanh soil Pb02 Dar 42 IUl 500 Dry wgt. not 5.4 Khen and Franklard 19M

LeaE Lmmy sand IbC12 Corn 5 250 500 R. length 6.5 Husan, u al 1976
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Table 1. (continued)

CHEMICAL GROWTN MEDIUM FORM SPECIES DURATION NOEC LOFC NOTES GROWFII PARAMETER pll REFERENCE

Lead Lnamy saN Carn 31 125 250 Dry wgl, plant 6 Miller, et al. 19T1.

Lead Sand PbC12 Bluesiem 84 450 LCT Dry wgt. rooUShOm ].8 Milu aM Parker. 19"/9.

Lead SaN PBC12 Blucslem 8< 450 LCT Dry wlo.rmt 4 .8 Miles and Parker. 1929.

Lead Sandy I®m CdC12 Red rek 112 20 50 Dry wgt. plant 6 Dixon, 1988.

Lead Silt I®m PpC12 Ryi 10 I(I(I 5000 Dry wgf. shom 59 Carlson and Rnlfe. 19W.

Lead Silty day I®m PoCI2 Sycamwe 90 50 LCI' Izaf blomzss Carlson and Ba..aa. 19T1.

Lead Solution Fb(N03)2 Wire grass 14 10 LCT Riww length Wong aN hu 1985.

Lead Snlmion IF(NO3)2 Bermuda or., 14 10 LCF Ruo, length Wong and Lzo. 1985.

Lead Solution Ib(NO3)2 BumwU Nrase 14 10 LQ Nrm length Wong and an 1985

Lead Solmion PFSOC Bran 28 5 10 Dry wo, plant Hnqmr. 1937

Lead Solutlov Pb(NO3)2 Rye gras> 14 2.5 LCi Lghilongeet root/shca WonR aM Bradshaw. 1981.

Irad Snluunn Ib(NO3)2 Wlregraa Id 10 20 R. lenglh Wong arA Lau 1983

Lead Flin- CbSr14 9ean ?2 .. Dry A- -- Itaqer. i93-

Lead Solution Ph50C Bcan 28 5 10 Dry wgt. plant Hoopcr_ 1937

Lead Solution IbS04 Bean 28 20 30 Dry wgt. plam Hoyer. 1937 .

lead Solution PbSO/ Been 28 20 30 Dry wgt, plant Hooper. 1932.

.d Sotuuon Ib(NOJ)2 Wlre gnase 14 B LCT R. length Wong and Leu. 1985.

Lead Solution PbfNO3)2 Cnrn 10 20.2 207 Fresh wgt. plant Siihorow, 11 al 1986.

Lead Solution PMNO3)2 Bvmndz graes 14 In I(T Rm1 lengih Woog and Izu 1995.

Lead Alluvlzl sod PbC12 Wheat 161 1000 3000 Dry wgi.rooVShmt 5.95 Muramom 1990.

Lc,ad Brown earth soil PbC12 Radlsh 42 IIXI 51p Dry wgl.rox 5.4 Khan and FraNdartl. 1993.

Lead Brown earth soil P60 Radieh 42 1000 L(T Dry wgt. rod 5.6 Khan and FranklaM 1983.

Ivd Silt loam PAC12 Fescue 10 1000 5001) Dry wgp shml 5.9 Czrlson and Rolfe. 19"19.

Lnd Soil + saM (I:I) PbCl2 Spruce IW 50 I00 Dry wgr rwl/shaa 33 Barton, e, at. 198<.

Lirhium lum LiNO3 Camn 21 25 50 Dry wo. leaf/s'em Wallace, n al 1977c
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pit REFERENCE

Lithium Lwm LiCI Bush bcam 16 10 25 Dry wgr. leaf Wallace, a al. 14qc.

Lithium Lou. Li2C204 Bzrley 10 50C) LCT Dry wgr. shmr 6 Wallace. 19]9.

Liahium Soil Orange Igo 2 Phyrao.ic Aldrich, etal. 1951.

Lithium Solution LiNOI Bush beam 24 3.5 LCT Dry wgr. smm Wallace, er at I4I)c.

Manganese Loam MSD< Bush heam IE 500 LCT Dry wgt, smms Wallau, er al. 9T16.

Manganese Quanz saod M SOd Slrzaro 76 30 LCT Dry Wgl, plam 4 1 Huuon, et al. Ifflfl.

Manganese QQUraz sarrA MSO4 Sirmao 76 30 L(T Dry wgs. ylana 4.2 Hunan, ea al. 19)8.

Manganese Qurtz sard MSO< Siratro )6 ID LC' Dry wgr. planr 4.2 Ilunon, et al. 19]8.

Manganese Quartt saN MrtM Siratrn 76 III 45 fhy wRL plant 4.2 Ilullon. eral. 19J8.

Mangxnese Quarrz SzN M SOC Slravo 76 30 LCf Dry wgr. plam 4.2 HuHnq et aI. 19]8.

Manganese Soluaion MS(N Spruce 32 I I ii Rmr lengrh 6 IanRhumiaS, a zl. 992.

Manganese Sulmion MSO< Bush b-am 16 5.5 I CT Dry wgr rmrllezflsacm Wallace. er al. 197Ri

Mangarr_se tnlurion M SDd Wheat '!ll vl 90 Dry + F! rm /rhnrn' ^ A Burkc_ n al 1990

Manganeee Snluaion MSO< Bush beana 21 54 54 Dry wgi, rroVlcal/smm Wallace, n al. 19Pb

Manganese Solurion M SOC Spruce 3 2 11 an Rc1. gwrh. are 6 tangheivkh, n al 1992.

Manganese Solution M SOC Spruc TJ dd I.CI' Hge epicnyl 4 langhelmlch cr at 1992.

Manganeee Sulmiun MSOd Wheat Jfl JO LCT ITy wgr r^ 4 .8 Burke, er al, 1990.

Manganese Solution MSO< Wheat 30 30 L(T Dry wgr.raw 48 Burke. eral. 1990.

Mengarese Snlurion MrS01 Spruce T) dd L('I' flgr. epicurvl 4 Lsngheivich cr al 1991.

Manganese Solution MS04 Tomarn 17 275 5.49 Dry wgL plzm 55 ts ON. e al. 199U.

Manganese Solulinn MSO4 Wheat JU )0 LCT Dry wgr. ronl/shoor 4.8 6urke, elal. 1990.

Manganese Solution MSW Rye grass 14 075 LQ Lgth. IonReu roor 7 Wong and Bradshaw. 1982.

Manganese Solation MSOC Wheat 30 30 LO' Dry wgs. raw 48 Burke, el al. 1990 _

Mangsncse Solution MSOd Bean 21 2 20 Dry wgr. n^m/ICavcs 5 Wallace. 1919.

Mercury Sail 03 LCT phlauoxic Klokc. 19]9.
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTIIPARAMETER pH REFERENCE

Mercury Solubun CHJHgCI Spruce 35 002 LCT Chlaqihyll in medlcs 4.3 Schleecl, et al. 1982.

Mercury Solution IIgC12 Rye gras 14 5 ILT Lgih.lonRee^ roalshms 7 Wnng and Bradshaw. 1982.

Mercury Solusion HgC12 Spruce 35 002 LCT Chlmeqhyll in needles G.] Schlegel, al aL 1981 .

Mercury Solution Ch]HgCI Spruce 35 0.002 LCT Trans, rztclC02 upuke <] SchlegeL el al. 1982.

Mdy4dcnum Suil 2 LCT Phpamio Limun. 1928.

Molybdenum Solmion 05 LCI' Phymmxk Chapman. 1966.

Molybdenum Solution H2MOOC Bean I< 5."R LCT Dry wgt. Ieavea 5 Wallace. 1929'

Molyhdenum Solurlon II2MoOC Bush Mzm 14 96 LCT Dry wgt leaf Wallace, e, al. 197Rb.

Nkkl Lrem NiSbl Cmn 14 ItU 250 Dry wgl_ 0aa 4 2 Wallace, cl el. 1977d.

Nkkcl Loam NiSOd Bush bcam 16 IIXI 250 Dry wgi. shood 7.5 Wallace, ct al. 1971d.

Nickel Lnam N6[W Corn 19 100 250 Dry w¢i. shmi 5.6 Wallace u al. 9T1d

Nkkel Lmm NiSfk Cnrn 19 100 250 Dry wgl. shml Wallace. ef aT 197d

Nickel I.cem NiSO1 Bush beans 29 Inn 1 CT nr. .gi f. ... wallxcc c r9779

Nekcl Lmm Ne4X Barley 28 25 LCT Dry wgi shrot Wallace, ct at. 1917d.

Nkkel Lrnm NiSO< Cmn 19 250 Dry wgi. sha 4.2 Wallace, ei al. 191"Id

Nlckel I.aam Ni504 Bush beans 16

]

IIp LCT Dry wgI. shn.a 5.8 Wallace, et zl. 19T]d.

Nickd Sard NiCI2 Cmn 35

('

29f Dry wg,. plani 5 Traymr aod Krceek. 1973

Nkkel Sandy luam NiC12 Red oak I12 2 0 50 Dry wgp. plani 6 Dixon. 1988.

Nickel Solution NiSOC Ryx grass 14 0.11 1.(T I¢ib longesl rml 7 Wong and Brzdslaw 190

Nickel Solueion NI506 Chrysamhemum 21 0 % 0.59 Dry wgr s emileavez Pael. n al 1976.

Nickel Laam Ni504 Rye grass 28 90 I80 By w". an. J] Klalid and Timlcy 1980.

Nkkel Suintion Be.. 21 1.17 LCT Dry wgr roa/leavcu 5 Wallace. 1929.

PCB Said Armlor 1254 Soybean 26 10 Ilp Fresh wg^. slyd 4 9 Wehcr znd Mrnzek 19]9.

PCB Said Araclur 1254 Soybean 1000 LCT Fresh wg^. shwt a] S1,e4 and Weber. 1980.

PCB Sand Arnelor 1254 Pigwecd <0 110 Freeh wgs.ehaalp.hgr <.] Strek and Webcr. 1980.
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

PCB Sand Arocla 1254 Boyhean I000 LCT Fresh wgl. shool 4.7 Svek and Weher. 19®].

PCB Sard Aralor 1254 Pigwccd 20 4U Fresh wgt.shod/phgs. d] Suek and Webcr. 1980.

PCB Saod Amolur 1254 Soybean I000 LCT Fresh wgt. shood/p.hgr 43 Svck and WeGer, 19&1.

PCB Sand Ar¢Iw 1254 Pigweed 28 50 I00 Plam heighl 4 Svek and Weher. 1982.

PCB Sand Aroolar 1254 Soyhcan 1000 LCT Fresh wgr. shlsaJp hgl. 4.7 SueF and Webco 198U.

Selcnium Lanny sand Na2SeO4 Sargraes 42 I ICT Dry wgr. shrnt 55 Carlson, el al. 1991.

Selenium Sand Na23eO4 Surgrus 42 1 LCT Dry wgr. ahuot 4.9 Culson, elal.l991.

Selenium Sard Na25e04 Sorgrass 42 1 LCT Dry wgs. shoor 6.5 Carlson, et el. 1991.

Selenium Szod NalSe03 Swgrzzs 42 I 2 Dry wgl shmt 4.9 Carhon, el al 1991

Sclenium Sllra saN Na25eO4 Rye grus f-0 27 103 Dry wgt planl Smith and Wzlkirrco2 19M

Selenium Silira nnd Na25e0N Clmer Bfl 10] 12.9 Ihy wgl. planl Smith and Walkimon 19N<

Selenium Sllka saoE Na2Se^O3 Rye grasa fA 7.1 IB3 Dry wgl. ylanl Smith and Walki¢mn 19Ad

3elenium Snlmion Nz2SC03 Whezl dt I I fT Dry wpl nnrlshm:h¢, Marun 1936.

Selenium Solution Na2SeO3 MIIEvach 9 27 1)ry wgl plaor Tsclcara and Treleave 1919

Selenium Solution NatSeOJ Buckwleal 42 1 LCT Dry wgl. ront/shmt'.EA1 Martin 1936

Selenium Loamy sard Na2.SC04 Snrgrazs 42 1 LCT Dry wgl. shoa 6 Carisnq cl Al. 1991.

Soil 2 LCT Phymlaaic ivon 14/g

Silrcr Solution ARNOI Be., U 0.0.59 LCT Dry wgr leaf 5 Wallzce 1919.

Silnr Solution ARNO3 Bush heam U Olt LCT Dry wgl. plam Wallacq u zt. 19T1a

Tellurium Solutbn K2Tc03 Whcm 42 2 LCT Dry wgL mol/shom Manio_ 1931.

Thallium Qlartz saod TINO3 Tobzcr.o 30 0 I 01 Fresh wgr ehrce Spcmr.r. 1912

Tlullium Solution I LCT Phylmnalc Slilee. 1958.

Thallium Surfar< suil I Phrotoxie Kloke. 1919.

Tin Solution JU Phylaoaic Schrordcr. 1955.

Tin Smface .it 50 Phylo,naie KIOFc. 19'29.
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Table 1. ( continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DIIRATION NOEC LOEC NOTES GROWTH PARAMETER pH REFERENCE

Tiunium Solmion Ti03 CaMraRe 55 0,4 Dry wgL plan, 5 Hara, el al. 1916.

Tirnnium Solmion TWO Bush beans 21 LCp Dry wgr. leaves Wallace, ei al. 191h.

Toluerc Clay Soybnn 21 20B0 E2̂ Fresh wgl.shod 4.t5 06mrcash, el al1982

Toluene Clay Corn 21 LCI' Fresh wgl. haoa 6.25 Overcnsh, e al1982

Toloene Sandy oam Corn 20W % seeA germivlion 4 Overcash, erzl. 1982.

Tolunc Sandy laam Corn 21 2Q10 20f10B Fresh wgL ehoa 5.75 Ovcrcaah, in al. 1982.

Toluene Sardy laam Fescue 21 I(IIID 20qp Fresh wgi. shax 5.75 Ouercaeh, et at. 1982.

Toluerc Sardy Imm Soybe n 21 200 LCT Fresh wgl. shod 5.75 Orirraah, elal. 1982.

Toherc Sandy Inm Soyhcan }ao 1fM % ettd germin.uon 4 OvcrcasM1, ci at. 1982.

VanadWm SaM Can 67 1.25 6.25 Plant M1gL4eaf area SIngM1. 19)1.

Vanedium Soll 2.5 L('T Ph"omslc EPA.19t5.

Vanadium Solutlon VCO Canbage 55 04 4 Dry wg^. plzm 5 Ilara cl sl. 1976.

Vanadium Solution NH4V03 Bush heznr 14 1 I'! 1 fT Dry wgt :. 'a'aliace. -

Venadinm Solullon NH4VO3 Bean 14 012 LCT Ury wgi. rrsx 5 Wallace 1979.

Vanudlum Surface enil 50 Phpmoaic Kloke 1919.

Zinc Alluvial eoil ZnO Rice 1115 100(1 1.(T Dry wgr. ^ml 5 95 Murammo 1990.

Zirc Clay loam ZnSG4 Co.,. 31 159 82 315 94 Dry wg^. ehrp Dall and Barrcne_ 1940

Zinc Clay Iwm ZSO4 Can 31 47376 631.58 Dry wgl. shoa Gall and Barmsu:. 1940

Zinc Fine sandy Imm Z504 Cuwpez 31 111.8 22236 Dry at. ehom Gall and Barncue. 19<0

Zlnc Fine sandy loam Z504 Corn 31 122.36 333.54 Dry wgr. shom Gall and Barmne 19W

Zire SaoE ZSO4 Can 31 201.83 403 65 Dry wgl. shua Gall aM Barmlm. 1900

Ziie Sand ZSO4 Cowpea 31 80.61 141 < Dry was, shna Gall and Barrcr¢. 1940

Zirc Sand ZSo1 Caton 7 140 LCT Dry wgt. shaa 55 Lee aal Page. 1961.

Zr. Sarafy Ionm Peanm 105 14 17 Dry wgl. plant Keisling, el al. 19'!I

Zinc Sandy Ioam ZSOd Soybean 28 115 UI Dry wgt leavice 5.5 While, n al. 19J9.
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Table 1. (continued)

CHEMICAL GROWTH MEDIUM FORM SPECIES DURATION NOEC LOEC NOTES GRO0.T11 PARAMETER pll REFERENCE

Zino Sandy Imm Zn504 Soybon 28 327 193 Dry wgt. leavcs 6.5 Whia, et al. 19N

Zirc Soil Zr501 Spinach 60 81.2 LR Dry wgl. raoJehoa Lalz and Veec 1990.

Zirc Soil ZSO/ Soybean 10 25 Sceds per plant Aery and Sa4ar. 1991.

Zinc SaluOnn Clover 46 0.092 0.41 Dry wgl. plant 6 Carroll and Luneragan. ISGA

Zinc Solurion Bzrrel neEic 46 0982 0.4I Dry wgs, plant 6 Carroll and Inrengan. 1958.

Zioo Snimion Licerm 46 0.082 041 Dry wgl_ plent 6 Carroll and Inrcnpzn. 1968 .

Zinc Snlmbn LSOd CM1rysamhemum 21 065 6.5 Dry wgr smm Paml, cl al. 1w6.

Zioo Solution ZaSO4 Bush bcam 16 1.62 162 Ury wgl. roo,lshooi Wallzce, el at. 19"IID.

Zlnc Solwlun L504 Ryc prave 14 1.85 LCr L"h. Irnipcw rnn 7 Wung and IlraM1VEaw Inq}

Zlrc Alluvial and ZnO Wheal 161 IIXp ICT Dry wpt planVprzm vld. 5.95 Muremrvo 1990.

Zme Soil LdW C,xiandv W 87 2 I CT Dry wgl. rmUShwi lala and Veer 199f1
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Table 2. Screening benchmark concentrations for the phytotoxicity of chemicals in soil and soil

solution (Letters after concentrations denote values said in secondary sources to represent

phytotoxicity thresholds)

CHEMICAL SOIL SOLUTION

(mg/kg) (mg/L)

Aluminum 10 0.5

Antimony 5' --

Arsenic 10 0.02"

Barium 500 500`

Beryllium 10' 0.5

Bismuth -- 27°

Boron 0.5 1 d

Bromine ]0' 15`

Cadmium 2 0.1

Chromium 2 0.05

Cobalt 25° 0.06

Copper 40` 0.03

Fluorine 200° 5°

Iodine 4 0.5

Iron -- 10`

Lead 50 10

Lithium 2 3

Manganese 500 1

Methyl mercury -- 0.002

Mercury 0.3 0.02

Molybdenum 2 ` 0.5`

Ni ckel 25 0.1

Selenium 1 1

Silver 2` 0.07

Tellurium -- 2

Thallium 1' 1e

Tin 50' 40"
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Table 2. (continued)

CHEMICAL SOIL SOLUTION

(mg/kg) (mg/L)

Titanium - 0.07

Vanadium 2.5' 0.2

Zinc 20 0.4

2,4 Dinitrophenol 20 --

Di-n-butyl phthalate 200 --

PCBs 4 0 --

Toluene 200 --

Kloke, 1979; ° Scharrer, 1955; ` Chapman. 1966; ' Bowen, 1979; ` Linzon, 1978; ' Dvorak et at, 1978;
Stiles, 1958; " Schroeder, 1955; ' EPA, 1975.
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